
Advances in maize genomics: the emergence of positional cloning
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Positional cloning has been and remains a powerful method for

gene identification in Arabidopsis. With the completion of the

rice genome sequence, positional cloning in rice also took off,

including the cloning of several quantitative trait loci. Positional

cloning in cereals such as maize whose genomes are much

larger than that of rice was considered near impossible

because of the vast amounts of repetitive DNA. However,

conservation of synteny across the cereal genomes, in

combination with new maize resources, has now made

positional cloning in maize feasible. In fact, a chromosomal

walk is usually much faster than the more traditional method of

gene isolation in maize by transposon tagging.
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Introduction
The genetics of maize has a long history, starting with

mutants that were identified in the early 1900s [1,2]. Its

large chromosomes and chromosomal features, such as

knobs, have allowed a rich integration of cytogenetics and

genetics [3]. Separate male and female flowers facilitate

pollinations and so make the generation of mapping

populations easy. Thus, maize has had a robust genetic

map for over 70 years. With the advent of transposon

tagging and the discovery of additional transposon sys-

tems, such as Mutator (Mu), maize led the way in gene

isolation for several years [4]. However, not every gene is

easily cloned by transposons, and alleles that arise from

transposon screens might not be tagged with the trans-

poson of the parental line. Using unstable alleles [5,6��]
makes transposon tagging more likely to succeed.

The first gene to be cloned on the basis of its physical

position in crop plants was the resistance to Pseudomonas
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syringae pv. tomato locus (Pto) of tomato [7]. The ability to

clone this gene came from the time-consuming develop-

ment of introgressed genetic stocks and extensive marker

development. The cloning of the first few genes in

Arabidopsis also took years, as the workers walked along

the chromosome one step at a time. The sequenced

Arabidopsis genome led to a flourish of gene isolation,

such that any Arabidopsis gene that has a mutant pheno-

type is now likely to be cloned multiple times. The

knowledge of Arabidopsis gene function facilitates our

understanding of other plants, although in distantly

related species such as maize the gene orthology and

conservation of function is often unclear.

Several resources have recently come together to make

maize, which is rich with multiple alleles of many

mutants, accessible to positional cloning. Here, we review

positional cloning strategies in this species as a guide for

the success of others, and describe the maize and wheat

genes that have recently been cloned by their map posi-

tion. Maize now stands in a good position for rapid

expansion in gene identification.

The maize genome from a positional cloning
perspective
Maize has long been known for its high level of poly-

morphism within coding regions [8]. Recent work sug-

gests that the degree of polymorphism between maize

lines is even greater than that between humans and

chimpanzees (ES Buckler, pers. comm; see review by

Buckler, Gaut and McMullen, this issue). The discovery

of vast tracts of retrotransposable elements between

genes [9] affirmed maize geneticists’ focus on genetics,

rather than genomics, and suggested that each inbred

might have unique arrangements of retroelements.

Sequencing strategies that use gene enrichment have

been used successfully to avoid this repetitive DNA

[10,11] and now most maize genes have been sequenced

to some extent, although not anchored on the genetic

map. Two papers have increased our awareness of poly-

morphism, reporting findings that the ‘gene content’

differed between maize inbreds [12,13]. It was not clear

at that time, however, whether genes were missing in one

inbred or inserted in another. A large effort to sequence

allelic chromosomal regions in B73 and Mo17 inbreds

confirmed these earlier findings and showed that indeed

more than 50% of the DNA at any given locus is not co-

linear between inbreds [14��]. It appears the non-colinear
genes are due to insertion rather than deletion, are

members of gene families, and are mostly partial genes

or pseudogenes. These gene fragments are thought to be

carried by Helitron transposons [15�,16�]. This new class
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of elements has been identified in Caenorhabditis elegans
and Arabidopsis, although it was missed in earlier trans-

poson prediction programs because of their lack of

inverted terminal repeats.

How does this extensive polymorphism between inbreds

affect a positional cloning strategy? Given that the Heli-
tron-captured genes are predominantly non-functional,

and are duplicated in other parts of the genome, their

absence would be unlikely to lead to a loss-of-function

phenotype. In addition, the genes that are co-linear

between maize inbreds are almost always co-linear with

rice [14��]. Thus, a positional cloning strategy that relies

on rice as a scaffold is not likely to be affected by inbred

variation. It remains a possibility that a sought-after gene,

especially if defined by a dominant mutation, could be a

unique enhancer that is found only in a particular inbred.

A sure method to avoid such a scenario is to identify

alleles in more than one inbred – if at all possible. In the

end, the power of forward genetics should prevail over the

complex nature of the maize genome, and the high level

of polymorphism will ensure successful marker develop-

ment to identify most genetically defined loci.

A primer for positional cloning
Defining a rough map position

The principle behind positional cloning resides in the fact

that recombination and physical distance are directly

related; more recombination events between homologous

chromosomes are possible as the distance increases. To

observe recombination events in a mapping population,

the parents of that population need to differ at as many

loci as possible. Fortunately, most maize inbreds are

highly polymorphic, as shown by a brute-force analysis

of 94 loci across 260 inbreds [17]. Ideally, a mutant will be

isolated in a particular inbred line and crossed to a

different inbred that carries the wildtype allele. Crossing

a mutant to a couple of different inbreds is a good idea to

ensure that adequate polymorphisms will be found. B73

and Mo17 are useful inbreds, especially as they are the

parents of the largest recombinant inbred population, the

intermated B73 x Mo17 population (IBM) [18] for which

many markers have been developed.

A first step toward positional cloning is to identify the

chromosome armwhere your mutation is located. Genetic

crosses to translocation stocks can locate a mutation to a

chromosome arm in one to two crosses [19,20], but bulk

segregant mapping is probably more efficient and quicker

[21]. Maize chromosomes are sub-divided into 8–12 sub-

regions, or ‘bins’ [22]. We havemappedmutations to a bin

using DNA from as few as 10 normal plants and 10

mutants from a segregating population, and two markers

per chromosome arm. Once a mutant is placed on a

chromosome arm using bulk segregants, DNA prepara-

tions [23] from individuals are used to map the mutation

to a defined interval. The number of plants that is
www.sciencedirect.com
required varies, but 1000 is probably the lower limit to

ensure the mapping of any mutation to a single bacterial

artificial chromosome (BAC). This number is in the same

magnitude as that required in Arabidopsis [24], even

though the maize genome is about 20 times larger than

that of Arabidopsis. In retrospect, this finding is not too

surprising, as recombination occurs mostly within genes

[25], and the gene numbers in Arabidopsis and maize

might not be too different [26].

To start the walk, distal and proximal flanking markers

that are PCR-based and co-dominant should first be

identified. They do not need to be the closest markers

but must be reliable. Recombinants that show exchange

of flanking markers are identified, and these individuals

are grown to maturity to score the phenotype and to make

larger high-quality DNA preps. These recombinants are

extremely important and will be used to refine the posi-

tion.

Useful maps and integrated markers can be found at a

couple of different sites. IBMmaps, assembled using data

from the Maize Mapping Project (http://www.maizema-

p.org/), are periodically updated with the latest versions

available at the MaizeGDB website (www.maizegdb.org,

go to ‘Maps’). The latest version of the IBM map com-

bines 3149 gene-based insertion/deletion polymorphisms

(IDPs), which are PCR-based polymorphisms between

B73 and Mo17, and 2030 markers from the Missouri

Mapping Project. The list of IDPs, the sequence from

which they are derived, and their map position can be

obtained from the Maize Genetic Mapping Project web-

site (http://maize-mapping.plantgenomics.iastate.edu/).

These web pages provide primer sequence information

and, in some cases, PCR conditions.

Sources of additional markers

As one increases the number of individuals in the map-

ping population, it is important to identify additional

markers to narrow the mapping interval. Until recently,

this step was the limiting factor and the main obstacle to

positional cloning in maize. Now, several sequencing

projects have provided a wealth of information about

gene islands in the maize genome [27�]. In the following

paragraphs, we outline the two main sources of informa-

tion to identify low-copy number genes that can be used

as markers in a selected genomic region, and we provide

theURLs of some of the in-silico resources fromwhich the

information can be retrieved (Table 1). The steps

described here are meant to be suggestions and are by

no means the only way to retrieve the information.

BAC-anchored genetic markers and ESTs

In addition to providing a physical map of the maize

genome, the BAC contigs provide a source of markers.

They have been probed with gene-specific oligonucleo-

tide-based (‘overgo’) probes designed from expressed
Current Opinion in Plant Biology 2006, 9:164–171
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Table 1

Useful resources for positional cloning in maize.

Name URL Main tools

MaizeGDB www.maizegdb.org Genetic maps, markers information and EST

contigs database.

Arizona Genomics Institute www.genome.arizona.edu/fpc/maize BAC contigs and BAC-end sequences.

Gramene www.gramene.org Rice genome annotation, grass comparative

genomics.

MAGI www.plantgenomics.iastate.edu/maize GSS contigs database.

TIGR Rice Genome Annotation rice.tigr.org/ Starting place for rice analysis at TIGR. Users

can carry out blast or use a genome browser.

TIGR Maize Database Maize.tigr.org/ Starting place for analysis of maize.

TIGR Maize Gene Index www.tigr.org/tigr-scripts/tgi/T_index.cgi?species=maize EST and GSS (AZM) contigs database.

TIGR Maize Genomic Blast

Search

tigrblast.tigr.org/tgi_maize/index.cgi Blast sequences against maize and sorghum

assemblies.

TIGR Maize Marker Mapping maize.tigr.org/tigr-

scripts/tgi/marker2.annotator.pl?species=combo_marker

Find markers in maize sequence assemblies

placed on the genetic map.

Maize Genetic Mapping Project maize-mapping.plantgenomics.iastate.edu IDP markers.

Maize Mapping Project www.maizemap.org Links genetic and physical maps.

Maize Seq www.maizeseq.org EST contigs database (proprietary).
sequence tag (EST) sequences [28]. This BAC-overgo

detection allows the anchoring of genes to the physical

map, thereby providing a link between the physical and

the genetic map. Another advantage of this BAC marker

alignment is that it provides a potential source of addi-

tional closely linked markers. The Arizona Genomics

Institute Web FPC maps (http://www.genome.arizo-

na.edu/fpc_hicf/maize/) can be searched by marker (for

example, from the IBM map) or by BAC clone number.

Once a contig is displayed, a toggle in the upper right

corner allows one to highlight overgo markers that are

derived frommaize ESTs that have a clear ortholog in rice

(select ‘Gramene’), or to obtain sequence information for

a particular overgo (select ‘GenBank’). A third toggle

links some overgos to the MaizeGDB website. The

advantage of using sequence information from BAC con-

tigs to develop new polymorphic markers is that they are

very likely to be linked to the gene in question. A caveat is

that some BAC-overgo detections are promiscuous. One

way to minimize the possibility of landing in the wrong

genomic area is to avoid overgos that detect BACs that are

placed inmany contigs. These potential artifacts probably

arise from overgos that detect members of gene families

or from inaccurate BAC placement. Another source of

markers that are anchored to BACs are BAC-end

sequences (BESs) [29]. A total of 154 293 BESs generated

by the Messing group from the ZMMBBb B73 library are

available at the same website as the BAC contigs.

Rice genes as queries in maize databases and vice versa

Despite having diverged several million years ago, the

genomes of cereals show considerable conservation in

gene number and order [30]. Because of this conserved

synteny, the rice genome can be used as a guide to find

genetically linked markers in maize. A first step is to use

sequences from which IBM markers have been devel-

oped to ‘blast’ the rice genome databases. The Gramene
Current Opinion in Plant Biology 2006, 9:164–171
website is the most useful resource for this purpose

(http://www.gramene.org/). Ideally, all maize markers

that are linked to the gene under investigation should

locate to the same region of the rice genome. It is very

common, however, to find small translocations between

rice and maize. Once a rice region that is syntenous to the

maize flanking interval has been identified, the additional

rice genes in this region can be used to find their ortho-

logous maize sequences by either blasting them in maize

databases or using the comparative map (cMap) feature of

Gramene. These pages display the annotated rice pseu-

domolecules and the grass sequences that match specific

regions of the rice chromosome. Not all maize ESTs and

genome survey sequences (GSS) will be present in this

comparative map, however, and thus manual blast

searches are a useful way to find additional markers.

Linking the physical and genetic maps
The assembly of maize BAC clones into contigs has

improved dramatically in the past year thanks to fluores-

cence-based high-information content fingerprinting

(HICF) techniques [31�]. It is likely that a distance of

1 cM is contained within an average-sized BAC contig and

that a 0.1 cM distance is contained on 1–2 BACs. If no

BAC or BAC contig is available for a particular marker, or

if one wishes to assemble a contig, a BAC library needs to

be screened. The most widely used BAC library,

ZMMBBb, consists of 247 680 clones, with an average

insert size of 137 kb, that cover 14 genome equivalents of

the B73 inbred line. It is available from the Clemson

University Genomics Institute (http://www.genome.-

clemson.edu/). Another BAC-library resource, ZMMBBc,

is available from Children’s Hospital in Oakland

Research Institute (CHORI; http://bacpac.chori.org/mai-

ze201.htm). Once the mapping interval is small enough

that it spans a few BACs and a few genes in the ortho-

logous rice region, the first, and easiest, step is to look for a
www.sciencedirect.com
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likely candidate among the rice genes and to identify its

maize equivalent. Sequencing the maize BACs provides

another way to generate additional markers and/or can-

didate genes. The low cost of sequencing and the use of

computer routines to blast sequences automatically

makes sequencing a cost-effective approach to gene dis-

covery in the defined interval. Once candidate genes are

identified by recombination and sequencing, alleles of

the mutant locus should be sequenced to prove that the

correct gene has been identified. If only one allele is

available, additional alleles should be generated by for-

ward or reverse genetic approaches [32–34] to prove that

the correct gene has been isolated, and even transforma-

tion can be used for confirmation [35].

Gene isolation
In the following section, we describe some recent exam-

ples of genes that have been cloned by positional cloning

or, if they provide important information about maize

genome organization, by traditional transposon tagging

approaches.

Isolation of quantitative trait loci

The first published papers to use positional cloning in

maize and wheat identified quantitative trait loci (QTL).

No doubt, this strategy was taken because QTL are

defined by their position and are not amenable to trans-

poson tagging. In each case, large numbers of individuals

were used to define a small interval that contained the

gene.

Doebley and Stec [36] mapped the differences between

maize and teosinte to five major QTL. One of these QTL

mapped to the region containing teosinte branched1 (tb1),
whose mutant phenotype suggests that it is an excellent

candidate gene. Cloning of the gene and analysis of both

maize and teosinte alleles has supported tb1 as the gene

for this QTL [37,38]. tb1 was cloned using the traditional

method of transposon tagging because a candidate maize

mutation was available. However, another QTL that

affected the hardness of the seed coat, teosinte glume
architecture (tga1), did not map to a candidate gene.

Crosses of the maize tga1 allele into teosinte and the

teosinte tga1 allele into maize showed that this gene

behaves as a single Mendelian locus [39]. Using flanking

markers, Doebley and colleagues [39] introgressed the

region from teosinte into maize for six generations. They

then set up mapping populations and obtained a tightly

linked marker, which was used to identify a BAC contig.

The BAC contig, along with rice synteny, helped these

authors to develop additional markers. Given that Doeb-

ley and colleagues couldn’t rely on multiple alleles to

prove that the gene was cloned, they used the power of

recombination to narrow the QTL region to just 1042

base pairs using 3106 individuals. This region was

sequenced in 16 maize and 12 teosinte lines. Seven fixed

differences were found, six in the promoter, and one in
www.sciencedirect.com
the coding sequence that resulted in the substitution of a

lysine in teosinte for an arginine in maize. This single

difference in coding sequence is thought to be causative,

as there are no obvious RNA expression differences but

the teosinte protein is more abundant. Furthermore, an

ethyl methyl sulfonate (EMS) revertant of tga1 had an

amino-acid substitution in the position adjacent to the

maize arginine [40��]. It is impressive that the first pub-

lication of positional cloning in maize should be a QTL, a

true tour d’force.

Given the complexity of the wheat genome, the cloning

of two QTLs in wheat is even more remarkable. Verna-

lization in wheat is controlled by the VERNALIZATION1
(VRN1) and VRN2 genes [41,42]. Positional cloning of the
VRN1 gene was carried out using 6190 gametes and a

detailed genetic map of wheat [43]. Almost perfect micro

co-linearity in this region between wheat, rice and sor-

ghum helped to provide additional markers and to narrow

down candidate genes. No recombinants were found for

two closely linked rice genes, APETALA1 and AGLG1,
which are both MADS-box genes. Expression data

strongly supported the hypothesis that the wheat AP1
is VRN1 as this gene is upregulated in leaves in response

to weeks of cold treatment. AGLG1 is also expressed in

spikes, but is not affected by cold treatment. Sequencing

of AGLG1 in wheat and spring accessions showed no

differences, whereas a deletion was found in the promoter

of the spring variety of AP1, again supporting the idea that
AP1 is VRN1.

VRN2 was cloned using a population of 5698 gametes,

which defined a 0.04 cM interval [44��]. Yan et al. [44��]
sequenced this interval (438 kb) and found eight genes.

The region was also co-linear with rice and barley, reveal-

ing that a 7 kb distance in rice translated to 328 kb in

wheat. Additional markers allowed Yan et al. to further

delimit a region containing three genes. The best Vrn2
candidate gene, ZCCT1, shows an opposite expression

pattern to VRN1: its level decreased in apices during

vernalization. Further support that ZCCT1 is VRN2 came

from sequencing in winter and spring wheat varieties, in

which only this gene showed any polymorphism, an

arginine in winter and a tryptophan in spring wheat.

All winter wheats have an arginine in the equivalent

position, whereas spring wheats have the tryptophan or

carry deletions of the gene. Supporting evidence was also

provided by the use of RNA interference to modulate

VRN2 levels and thereby change flowering time [44��].

In summary, the use of large mapping populations and

synteny with other cereals provided one to a small num-

ber of candidate QTL genes. Sequencing and expression

analysis across naturally occurring alleles allowed them to

identify the most likely candidate. With the newly emer-

ging maize resources, other well-mapped QTL, such as

VGT1 [45], will be cloned soon.
Current Opinion in Plant Biology 2006, 9:164–171
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Isolation of genes that regulate inflorescence

architecture

Identifying a developmental gene by positional cloning

has several advantages over the isolation of a QTL:

phenotyping is usually more reproducible; multiple

alleles are likely to exist; one can choose the inbred to

develop the mapping population; and many developmen-

tal genes are conserved across species, making a candi-

date-gene approach very appealing. In addition, mapping

populations can be relatively small (Table 2).

Several genes that regulate inflorescence architecture in

maize have been cloned in the past year. Maize tassels

have long branches at their base, whereas ears do not.

However, both ears and tassels are covered by short

branches, called spikelet pairs. Spikelets are found in

all grasses, but the arrangement of spikelets into pairs is

only found in the Andropogoneae, a subgroup of the grasses

that includes sorghum, sugar cane, maize and about 1000

other wild grasses [46]. ramosa1 (ra1) mutants have a

highly branched tassel and a branched ear. The spikelet

pairs of this mutant are replaced by a gradient of inde-

terminate branches, giving it a Christmas-tree-like

appearance. Fortunately, Vollbrecht et al. [6��] set out

to clone ra1 by transposon tagging and not using synteny

with rice, because the gene, which encodes a zinc-finger

transcription factor, is found in maize and sorghum but

not rice. ra1 is expressed at the base of the spikelet-pair

meristem. The mutant’s phenotype, expression pattern,

and absence from a species that does not make spikelet

pairs suggest that ra1 is required for spikelet-pair identity.

Two other maize inflorescence genes have been cloned in

the past year using the map position of the mutation in

combination with an obvious candidate gene. barren stalk1
(ba1) mutants lack tassel branches and spikelets and are

missing ears [47]. The mutation was mapped to a synte-

nous region in rice that contains a similar mutant pheno-
Table 2

Intervals defined by positional cloning.

Gene Number of

individualsa
Colinearity

with rice

Distance between

flanking markersb

tga1 3105 Yes 1 kb

VRN1 6190d Yes 0.03 cM, 324 kb

VRN2 5698d Yes 0.04 cM, 315 kb

ra2 1070 Yese 0.85 cM

pt2 1030 Yes 1.16 cM

ra3 1700 Yes 0.2 cM, 6 kb

ts4 1600 Yes 0.3 cM, 1 BAC

Wab 1400 Yese 10 BACs

mwp 600 Yese 0.66 cM, 9 BACs

a Number of individuals.
b Refers to the distance in maize or wheat, measured in either cM or num
c Distance in rice between the rice orthologs for the maize flanking marke
d Number of gametes.
e Overall synteny was found, but some local rearrangements exist.
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type called lax panicle. The positional cloning of lax
panicle [48] provided a candidate gene for ba1. One ba1
allele of this basic helix–loop–helix protein has a Helitron
upstream of the coding region and a second allele was

found by reverse genetics, confirming that the candidate

gene is ba1 [49�]. In a second example, a maize clavata1
(clv1) ortholog was mapped to chromosome 5 in the same

region as thick tassel dwarf1 (td1). The phenotype of td1
mimics that of Arabidopsis clv mutants, which have larger

inflorescence meristems andmore floral organs. Proof that

td1 was the clv1 ortholog came from analysis of a large

number ofMu-induced alleles [50�]. The orthologous rice

mutation, FLORAL ORGAN NUMBER1 (FON1), was

identified at the same time by positional cloning [51].

ra2 [52��], ra3 and tasselseed4 (ts4) (Figure 1) have also been
cloned positionally (D Jackson, G Chuck, S Hake, unpub-

lished). All three of these genes affect the spikelet-pair

meristem, but unlike ra1, they are found in rice. For the

cloning of ra2, a population of 1070 individuals was used

[52��]. This population narrowed the genetic distance to

0.05 cM on the distal side and 0.8 cM on the proximal side.

A BAC contig was identified for the distal side by hybri-

dization with the mmp186 marker, and this contig turned

out to contain ra2. TheBAC contigs formmp186 and asg48,
the closest proximal marker, did not join and the rice

orthologs of asg48 and mmp186 were unlinked. Interest-

ingly, asg48 was the only non-syntenic marker in this

region. Two additional markers were obtained within

the mmp186 BAC contig that positioned ra2 within a

smaller interval. A LATERAL ORGAN BOUNDARY
(LOB) rice gene in the syntenic region was completely

linked to ra2 (0 recombinants in 1070 individuals), and

indeed, analysis of five mutant alleles (both deletion and

insertion alleles) proved that the LOB gene was ra2.

ra3 was mapped using bulk segregant analysis, and the

population was expanded to about 1700 mutant plants.
Distance in ricec Reference

[40��]

<10 kb [43]

<5 kb [44��]

65 kb, 11 genes [52��]

130 kb, 11 genes L Bartling, H Sakai, S Hake (unpublished)

N Satoh, H Sakai, D Jackson (unpublished)

110 kb, 10 genes G Chuck, H Sakai, S Hake (unpublished)

H Candela, S Hake (unpublished)

H Candela, A Gerhold, S Hake (unpublished)

ber of BACs (average size 130 kb).

rs.
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Figure 1

The wildtype tassel is compared to four mutants that have increased branching and feminization.
The region was narrowed to 1.6 cM, which corresponded

to 350 kb, with the use of additional markers. Sequencing

of two BACS revealed seven predicted genes in one BAC

and 22 in the other. Additional markers derived from

these BACs were used to narrow the ra3 region to 6 kb or

0.2 cM, which contained a single predicted gene. ts4 was

mapped to a region containing 10 rice genes. Sequencing

of maize BAC clones that spanned this region actually

found three fewer genes in this interval than in the

syntenous rice interval. All seven of these genes were

tightly linked to ts4 (0/1600), thus analysis of RNA levels

in multiple alleles was needed to find the correct gene.

These three examples of positional cloning show that rice

synteny is a powerful tool for the identification of genes,

especially for genes that function in development. The

same conservation of synteny might not be as common for

other traits, such as disease resistance. For example, the

barley stem rust resistance gene, Rpg1, was not found in

the syntenous region of rice [53]. The growing collection

of cloned maize inflorescence genes provides tools to

dissect the pathways that lead to tassel and ear develop-

ment, and to understand morphological diversity in cereal

inflorescences.

Conclusions
Positional cloning is a sure-proof method of gene identi-

fication. By providing a marker-bound mapping interval,

recombination data assure us that we are at a specific

genomic region that unequivocally contains the gene of

interest. Sooner or later, the gene will be obtained.

Positional cloning remains the only way to obtain a gene

that underlies a quantitative trait, unless a corresponding

mutation can be identified. It is quickly becoming the

preferred method of isolating genes that are defined by

mutations in maize. The large genome size of maize is not

a hindrance, and conserved micro-synteny with rice and

improved maize BAC contigs facilitate the effort. Once

the maize genome is fully sequenced and assembled, the

high frequency of recombination will make it as easy to

clone a gene in maize as it is in Arabidopsis. Although
transformation remains slow, the ease of obtaining addi-
www.sciencedirect.com
tional alleles through targeted tagging or reverse genetics

provides proof of gene identification. The diversity that is

being catalogued in maize inbreds [54], and the ability to

sequence the related teosinte species can also provide a

second level of confirmation that the correct gene has

been isolated, which is especially useful in the case of

QTL-identification projects.
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